Vesicular stomatitis virus (VSV) induces polykaryocytes in rat embryonic fibroblasts transformed by the Prague strain of Rous sarcoma virus (XC cells). The cell fusion requires the uncoating of the virus in the cell, the synthesis of normally structured G and M proteins and their incorpolation into the cell membrane. The synthesis of fully infectious virus is unnecessary. In addition to these antigens, a special yet undefined constitution of the host membrane is also important. With thermosensitive mutants non-defective for G and M antigens, cell fusion is much more extensive at the non-permissive temperature (39"6 °C) than at the permissive one (31 °C). The importance of the two antigens is also shown using rifampicin-sensitive mutants. We postulate that these two antigens induce in the celt membrane an imbalance in the distribution of phospholipids which then diffuse through membrane junctions to surrounding cells, provoking thereafter the cell fusion.
INTRODUCTION
We have recently reported that vesicular stomatitis virus (VSV), Indiana strain, induced an unusual polykaryocytosis Moreau & Valle Santos, I976) , in rat XC cells (originating from rat embryonic fibroblasts transformed by the Prague strain of Rous sarcoma virus). This fusion resembles those regularly observed during the infection of sensitive cells by paramyxoviruses (Henle, Deinhardt & Girardi, 1954; Chany & Cook, 196o) . No such fusion could be detected in normal rat cells or rat cells transformed by other oncogenic viruses. While this study was in progress, Takehara (I975) similarly observed polykaryocyte formation in a special strain of BHK zI cells.
In general, viruses induce two types of cell fusion (Bratt & Gallaher, 1969) : (i) in the first case, fusion from without is obtained in cells with high multiplicities of infection (m.o.i. = IOO) within a few hours of infection. This type of fusion does not require intracellular synthesis of virus constituents. (ii) In the second case, at low multiplicities of infection, polykaryocytes are formed by fusion from within. The process extends from primarily infected cells to surrounding uninfected cells; thus, each syncytial area represents an infectious plaque (Lepine et aL 1959) . This type of polykaryocytosis requires the penetration of the virus into the cell and the synthesis of virus constituents. Consequently cell fusion appears late in the replicative cycle of the virus (Chany & Cook, I96O) .
in this study we investigate the mechanism of polykaryocyte formation at low (Chany-Fournier et al. 1976) , infectivity was lost in our experimental conditions at an exponential rate, with a 37 % survival dose of 40 ergs/mm ~.
RESULTS

Cell fusion
In XC cells the Indiana strain of VSV replicates to titres comparable to the yield observed in normal and SV4o or polyoma virus transformed rat embryonic fibroblasts. However, in XC cells, virus replication is followed by extensive fusion, while in other cell systems, only cell lysis takes place.
The occurrence of cell fusion was largely dependent on the multiplicity of infection employed. When cells were infected at the indicated multiplicities (as described in Methods) and incubated at 37°C for 16 h, the virus yield and the number of fused areas were variable (Table I) 
Role of the virus genome
In order to produce cell fusion, the virus had to penetrate into the cell as shown in Table  2 . Indeed, neutralization of the virus by immune sera inhibited cell fusion in parallel with cell lysis. Similarly, heating at 56°C for I h abolished both the infectivity and fusing capacity of VSV.
Interferon inhibits the synthesis of all virus proteins due to the blockage of an intermediate step between primary and secondary transcription of VSV (Repik, Flamand & Bishop, I974) . Thus the treatment of XC cells with 2o0 units of rat interferon for 2o h before infection inhibited the synthesis of the virus and the appearance of cell fusion.
U.v.-irradiation with increasing doses (from r 5 to 3840 ergs/mm ~) of the virus suspension led to the disappearance of the different virus functions. As shown in Table 3 , in our experiments the 37 % u.v.-inactivation dose of the virus was around 24o ergs/mm 2. Cell fusion was still observed at 48o ergs/mm 2 although 9o % of the virus yield was inhibited. No cell fusion was observed thereafter. The data seem to indicate that the target size for ceil fusion was about half of the genome responsible for infectivity. This is in agreement with an earlier observation (Henle et al. i954) involving mumps virus where the dissociation between infectivity and polykaryocytosis was equally shown. 
Virus yield
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Role of the host cell genome
Since the unusual fusing property of VSV was expressed in a well-defined cell type, we explored the possible role of the host cell genome. In order to block the transcription of cellular DNA, XC cells were incubated with actinomycin D at increasing concentrations from o'I5 to 5/zg/ml for I h. The preparations were then washed and the cells infected with VSV at an m.o.i. = o'ooL since at that rate of infection the syncytial areas were the biggest. In parallel, the inhibition of RNA synthesis was analysed for each concentration of the drug. As shown in Table 4 , the cell fusing capacity of the virus was not affected even when 9 6 % of the transcription was blocked. When instead of actinomycin D, cycloheximide was added simultaneously with VSV to the cells and maintained for the whole infectious cycle, both virus replication and syncytial formation were blocked even when only 4o % of the total protein synthesis was inhibited.
Cell te cell spread
An extensive cell fusion was only obtained when XC cells were infected at low multiplicities of infection (o.o0I, o.00oi), suggesting that cell fusion spreads from infected cells to uninfected cells. Virus-specific antisera (adsorbed prior to use by XC cells) were added to the cells 2 h after infection. The penetration of virions and the synthesis of virus antigens were thus not prevented. After I6 h (about 2 replicative cycles) the development of cell fusion was completely inhibited (data not shown). Thns the maturation of virions and the incorporation of membrane-bound M and G antigens may be involved in the fusion of XC cells infected with VSV.
Use of VSV mutants in the study of fusion inducing components
The experiments presented above seem to indicate that the virus antigens mainly involved in polykaryocyte induction are proteins G and M. These two proteins are incorporated into the cell membrane and into the envelope of the virion (Wagner, Snyder & Yamazaki, 197o ; Wagner et al. I97za ) . For this reason, we have studied cell fusion using different temperature-sensitive mutants defective for proteins G, M and N.
The XC cells (5 x io 4) were infected by each of the VSV mutant clones at the m.o.i, which produced IOO% polykaryocytosis at reference 37 °C (permissive temperature for all mutants). The infected cells were then incubated in waterbaths adjusted to the desired temperatures. After I6 h, the virus yield was measured in L cells by plaque assay. The c.p.e. obtained in the XC cells was examined in an optic microscope. The results are shown in Table 5 .
Virus replication and cell fusion were studied both at permissive (3I °C) and non-permissive (39.2°C) temperatures. The mutants of groups ll, IlI and V produce all of their structural proteins. The two clones of VSV ts 45 mutants used were defective for the incorporation of protein G into the cell membrane. At the non-permissive temperature, the migration of protein G from the endoplasmic reticulum to the cell membrane did not occur (Lafay, I974) . in the case of the VSV ts 76 mutant, antigen G was normally incorporated, but protein M was not expressed in the cell membrane at the non-permissive temperature (39.z °C ; Lafay, I974).
In addition to the ts mutants, a rifampicin-sensitive virus clone (R/f +) was also employed (Moreau, 1974) . With this mutant, in the presence of rifampicin (4o #g/o. 1 ml) the synthesis of the NS protein was increased whereas the synthesis of proteins G and N was normal and that of protein M decreased. Furthermore, the residual M proteins were incorporated with a significant delay into the cell membrane (Moreau & Sanzey, I977)-
The analysis of the results shows that the two ts 45 and ts 76 mutants, defective respectively for proteins G and M, were unable to produce polykaryocytosis in non-permissive conditions. In the case of the R/f + mutant, in presence of rifampicin, the cell fusing property of the virus was inhibited. The ts 52 mutant did not produce nucleocapsids, although the G and M proteins were normally incorporated (Lafay, I975) . At the non-permissive temperature (39"6 °C), virus replication was completely blocked, but a great number of syncytial plaques containing hundreds of nuclei could still be counted. In contrast, at the permissive temperature (3I°C), although virus replication was maximal, mostly cell lysis and only small syncytia were observed. This shows the importance of temperature in virus-induced cell fusion.
Thus the incorporation into the cell membrane of normally structured G and M proteins was necessary for the induction of syncytia, whereas neither protein N nor mature infectious virus were involved in this process. In the case of the ts 52 mutant, the increased fusion of cells at 39"6 °C was probably due to the high temperature to which the cells were exposed rather than to the virus constituents. Interestingly, the wild Indiana strain used in parallel, showed equally an increased cell fusion capacity at 39"6 °C in spite of restricted replication of the infectious virus at this temperature (Table 5 and Fig. I ).
DISCUSSION
The data here presented show that the uncoating of VSV and its penetration into XC cells are the first conditions to induce polykaryocytosis successfully. This is substantiated by the inhibitory effect of specific antisera, heating at 56 °C, or the use of rat interferon, all of which affect the intracellular expression of the virus genome at different levels. Secondly, the membrane structure of the host cell plays a yet undefined role in this fusing capacity of the virus. It is of interest in this respect that the XC cells are transformed by the Rous sarcoma virus and that polykaryocytosis does not occur when the cells are transformed by a few other oncogenic viruses tested. Thus the role of the integrated virus genome has to be further investigated. The syncytium is induced at low multiplicities of infection but not for multiplicities of I or higher. This observation is reminiscent of that reported by Chany & Cook (I96O) for parainfluenza III viruses in KB cells. It has been shown in microcinematographic studies that cell fusion spreads from the primarily infected cell to surrounding noninfected cells which are one after the other engulfed into the syncytial area by fusion of the cell membranes (Lepine et al. I959) .
The inactivation of the virus by u.v.-irradiation shows that the infectious function is about twice as sensitive to u.v.-irradiation as the fusion inducing capacity. It is of interest to compare our results with those reported by Ball & White (I976) and Abraham & Banerjee (1976) . These authors point out that the biggest target size on the virus genome following infectivity (which requires of course the whole virus genome) is protein G (about half the size of the total genome), then protein M, and subsequently the others.
In addition, our study based on the use of ts and R~f + mutants also shows that the integrity and the incorporation into the cell membrane of both membrane-bound virus proteins (G and M) are necessary to induce polykaryocyte formation. These results are reminiscent of our previous studies on parainfluenza III in which, during the first virus replicative cycle, extensive cell fusion was observed before the synthesis of mature virions (Chany & Cook, I96o) . We attributed the induction of polykaryocytosis to a virus induced cellular factor which diffused at distance around the first infected cells.
A particularly interesting observation is the cell fusion obtained with the ts 52 mutant. As stated earlier, this mutant is defective for the synthesis of nucleocapsids at the nonpermissive temperature, while proteins G and M are synthesized normally. Extensive plaques of cell fusion are observed with this mutant at the non-permissive temperature in spite of the complete inhibition of virus replication. At the permissive temperature, on the contrary, although virus multiplication is optimal, cell lysis but little or no cell fusion is present. This finding suggests that (i) for cell fusion the assembly of the virion into infectious virus is not necessary ; (ii) a decreased virus replication could limit the number of infected cells ; and (iii) the increased cell fusion at 39"6 °C could indicate that the effect of temperature on the lipid phase transition of the cell membrane could also play a role in the expression of polykaryocytosis (Wisnieski, I974) . It is postulated that the insertion of proteins G and M is not directly responsible for cell fusion but could create in this area an imbalance of lipid constituents (Papahadjopoulos, Poste & Schaeffer, I973) . If this was the case, the fusion procedure induced by these antigens could extend from cell to cell through intermembranous communications by the diffusion of phospholipids with or without the G and M proteins. This view is supported by our observation that in non-confluent cells, the phenomenon of cell fusion is greatly decreased. This is also in agreement with Poste & Allison (t97I, 1973) .
It is of interest to compare the effect of cell fusion from without and that from within. In the case of VSV when high multiplicities of infection are used, the incoming virus envelope fuses with the cell membrane and virus antigens are incorporated into it (Heine & Schnaitman, I97i ) . The extent of fusion is very limited. Nishiyama et al. (I976) , using a m.o.i. = 65 p.f.u./L cell, obtained small syncytial areas which could be due partly to fusion from within, partly from without. This could explain the relative resistance of polykaryocytosis to cycloheximide. In contrast, the number of fused cells obtained at low m.o.i, is much greater. This is perhaps due to the amount or quality of G and M proteins, newly synthesized and incorporated into the cell membrane and not used for the induction of virus particles.
